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summARY It is now well established that the morphology of the ventricular septal defect associated
with interrupted aortic arch is such as to compromise blood flow to the ascending aorta. Though
there is some evidence that a similar mechanism may be operative in coarctation with ventricular
septal defect, we are unaware of any necropsy study of this hypothesis. We therefore studied 25
hearts from the Heart Museum of Children's Hospital of Pittsburgh with coarctation and ventricular
septal defect. Four had a malalignment defect with left ventricular outflow tract obstruction such as

is seen in cases with interruption. Twenty of the remaining cases had a particular form of perimem-
branous defect with aortic overriding. The defects were partially closed by tricuspid valve tissue, the
left ventricular outflow tract being further narrowed by various anatomical lesions. In addition,
mitral valve malformations were present in 14 cases. The anatomy of the group as a whole suggests a
possible reduction of aortic blood flow during fetal development. The clinical implications of these
findings remain to be evaluated.

It is now well established that the morphology of the
ventricular septal defect in hearts with interruption or
atresia of the aortic arch is such that, in most cases, it
diverts ventricular blood flow into the pulmonary
trunk and away from the aorta.-3 These anatomical
findings are in keeping with the concept that reduced
calibre of the aortic arch reflects a paucity of aortic
blood flow during fetal development. Much of the
physiological evidence supporting this hypothesis,
however, was adduced from the small size of the aor-
tic isthmus at birth4 and was further endorsed by the
known rarity of coarctation of the aorta when there
has been increased aortic flow during fetal develop-
ment because of subpulmonary obstruction.45 Since a
good case can be made for interruption and atresia of
the aortic arch being the extreme in a spectrum of
obstructive arch anomalies which start with coarcta-
tion, it might be expected that a ventricular septal
defect coexisting with coarctation should also have the
morphology which would jeopardise aortic blood flow
during fetal development. As far as we know, this
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hypothesis has yet to be tested by examination of a
series of hearts at necropsy, with both coarctation and
ventricular septal defect. The general study of
Moulaert and his colleagues,3 however, on aortic arch
malformations pointed to a likely association with
coarctation. The purpose of this study was to test the
hypothesis further by examination of such hearts in
the Heart Museum of Children's Hospital of Pitts-
burgh.

Subjects and methods

There are 25 hearts in the Heart Museum of Chil-
dren's Hospital of Pittsburgh which have the combi-
nation of coarctation of the aorta and a ventricular
septal defect in the setting of usually arranged atrial
chambers (solitus) and atrioventricular and ven-
triculoarterial concordance. Twenty-three of these
hearts have an associated ductus and have greater
or lesser degrees of aortic isthmal hypoplasia super-
imposed on an immediately preductal discrete co-
arctation. The other two hearts have a discrete
coarctation lesion opposite the site of the ligamentum
arteriosum. All cases were examined to determine the
precise morphology of the ventricular septal defect
and to see if any of its boundaries were so arranged as
to obstruct ventricular blood flow into the aorta.
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Table Coarctation ofaorta and venicular septal defect in
25 cases

Ventricuar septal defect
Perimembranous vith aortc override and closure 20
Perimembrnous with deviated outlet septum 1
Muscular outlet with deviated septum 1
Simple perimebranous I

Addiioa lft ventricular outet tract obstructon
Hypertrophic anterior lateral muscle bundle 13
Subaortic musck bundles 2
Anomalous mitral valve tension apparatus 2
Septal bulge 1
Fibrous ridge 1

Mitra valve malformaions
Hypoplasia 4
Parachute anomaly 5
Other anomalies of papillary muscles 4

Further examination was then made of the status of
the left ventricular outflow tract and the mitral valve.

Results

The summary of the morphological findings is shown
in the Table. The characteristic type of defect which
produces obstruction to subaortic flow in hearts with
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atresia or interruption of the aortic arch is that in
which the outlet septum is deviated posteriorly so that
it is situated across the left ventricular outflow tract,
which then opens both into a narrowed subaortic area
and also to the pulmonary trunk (Fig. la). This
malaligment type of defect was found in four of the
cases with coarctation (16%). It was perimembranous
in three, abutting directly on the central fibrous body
(Fig. lb), but in the other heart it had a muscular
posteroinferior rim when viewed from the right ven-
tricle (muscular outlet defect6). All the other hearts
had perimembranous defects without posterior devia-
tion of the outlet septum. In one of these the defect
extended only into the trabecular septum and there
was no obstruction to the left ventricular outflow
tract. The other 20 defects (80% of the total), how-
ever, had a particular morphology which appeared to
compromise aortic blood flow and which was unlike
that generally found in a series of hearts with
perimembranous defects.6 These hearts had confluent
defects which extended into all parts of the muscular
septum adjacent to the central fibrous body, extend-
ing from beneath the septal leaflet of the tricuspid
valve up towards the subpulmonary outflow tract. In
all of these hearts the aorta overrode the central part

Fig. 1 The typical malalignment ventricular septal defect (VSD) in which deviation of the outlet septum (OS) obstructs the left
ventricular ouViow tract (Sub Ao St). The left hand panel shows such a defect in a case with interwupted aortic arch while the right
hand panel shows a heart with coarctation.
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Fig. 2 A section at right angles to the long axis of the
ventricular septum showing a corfluent perimembranous defect
with aortic ovemding and discrete coarctation. The defect ts
partly closed by the thickened septal leklet of the tricuspid valve
(arrow) while the left ventricular oow tract is further
narrowed by an anomalous trabecula (closed arrov). (Ao, aorta;
PT, pulmonary trunk).

.....

Fig. 3 The cotluent perimembranous defect with aortic oveide found in almost fourfifths ofour cases. In this case the right
ventricular(RV) aspect is almost closed (kft hand panel) while e left venticular outlet isfurther narrowed (Sub Ao St) by afibrous
ridge (FR) and hypertrophied anterolateral quadrant (right hand panel). (MV, mitral valve; PV, pulmonary valve).
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Fig 4 The septal bulge (SB) which further narrowed th- left
ventricular (LV) oug'low tract in one case with a perimembranous

~' defect and overriding aortic valve (Ov AoV). (MV, mitral
- valve).

MV

Fig. 5 A parachute mitral valve (absence oftheposteromedialpapiUary muscle)from one
of the cases with a perimembranous defect and an overriding aortic valve. Anom Comm,
anomalous attachment of the posteromedial commissure; Sol. PM, solitary anterolateral
papiUary muscle; Ao, aorta; sub Ao St, subaortic stenosis.
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of the muscular septum, usually sitting more or less
on top of the septum (Fig. 2). The right ventricular
access to the defect was compromised by thickening
of the septal leaflet of the tricuspid valve (Fig. 2)
and/or by delamination of folds and tags of tricuspid
valve tissue around the defect (Fig. 3a). The left ven-
tricular subaortic outflow tract, already reduced in
size because of the aortic overriding, was then further
compromised in 19 hearts (76%). This was produced
by hypertrophy of the muscular anterolateral quad-
rant of the outflow tract and the anterolateral muscle
bundle7 in 13 hearts; by the presence of anomalous
subaortic trabeculae (Fig. 2) in two hearts; by
anomalous attachment of mitral valve tension
apparatus in two hearts; by a discrete septal bulge in
one heart (Fig. 4), and a fibrous ridge in the final heart
(Fig. 3b).
The mitral valve itself was abnormal in 13 hearts

(52%). There was simple overall hypoplasia in four, a

"parachute malformation" resulting from absence of
the posteromedial papillary muscle with direct septal
insertion of this commissure8 in five (Fig. 5), and
other papillary muscle anomalies in the remainder.

Discussion

The haemodynamic theories which have been
advanced to explain the genesis of coarctation of the
aorta45 postulate a situation that, during fetal life,
would favour blood flow into the pulmonary pathways
and away from the aorta. It has been well established
that the ventricular anatomy in most cases of interrup-
tion or atresia of the aortic arch'-3 is such to produce
this situation. Moulaert and his colleagues,3 in their
study of ventricular septal defects with the specific
morphology to narrow the subaortic outflow tract,
noted that five of eight cases were associated with
interruption of the aortic arch while two had coarcta-
tion lesions. Their study certainly suggests that simi-
lar anatomical features to those which reduce aortic
flow in interruption of the aorta should be anticipated
with coarctation, and our study confirms this observa-
tion. Just under one fifth of our coarctation specimens
had the typical malalignment defect associated with
more severe obstructive lesions of the aortic arch.'13
The surprising finding in our study was that almost all
the remaining hearts had a particular type of ventricu-
lar septal defect with the potential to reduce aortic

blood flow, though not to the extent seen with a devi-
ated outlet septum.

This particular type was a perimembranous defect
which extended into all parts of the muscular ven-
tricular septum adjacent to the central fibrous body,
permitting the aortic valve to override the septum and
the right ventricle. Usually aortic overriding, as in
tetralogy of Fallot, is produced by anterior deviation
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of the outlet septum. This also narrows the subpul-
monary outflow tract and produces a haemodynamic
pattern in which coarctation is exceedingly rare.4 5 In
the type of defect presently encountered the aortic
valve was overriding but did not compromise the sub-
pulmonary outflow tract. The simple feature of aortic
override, however, could reduce the amount of left
ventricular blood reaching the aorta. In the hearts we
studied, this reduced aortic flow was additionally
compromised by the tissue closing the ventricular sep-
tal defect from its right ventricular aspect and by
lesions which further narrowed the already obstructed
left ventricular outflow tract. Mitral valve lesions were
also present in most hearts, an association previously
noted by Rosenquist.9 The end result was an anatom-
ical arrangement with the potential to produce the
haemodynamic situation postulated as one cause of
coarctation of the aorta. It is dangerous to speculate
from morphological findings derived from hearts at
necropsy to explain events occurring during fetal
development. The fact that not all hearts had obstruc-
tive lesions shows that coarctation is not always
related to reduced aortic flow. Furthermore, there is
no way that we can be sure that the arrangement with
an overriding aorta would have reduced aortic flow
during fetal life. At best, therefore, our findings only
suggest the aetiology of coarctation.

But, if these results are representative of coarcta-
tion and ventricular septal defect as a whole, then they
are of considerable clinical relevance. It may well be
that since they are obtained from hearts in a patholog-
ical museum they represent the very worst end of the
spectrum. None the less, their possible implications
must be considered. The poor surgical prognosis of
patients with interruptions and atresia of the aortic
arch relates in part to the severity of the associated
lesions, particularly the ventricular septal defect mor-
phology which militates against the aorta ever being
able to support the full systemic circulation. Could
this also be the case for some patients with coarctation
of the aorta? The appropriate treatment for patients
with coarctation in combination with ventricular septal
defect remains to be established. Certainly our nec-
ropsy findings suggest that the perimembranous
defect in most cases is undergoing spontaneous clos-
ure, so this argues in favour of attacking the coarcta-
tion first and leaving the ventricular septal defect.-l
But will spontaneous closure be at the expense of
development of left ventricular outflow tract obstruc-
tion? Or would surgical closure also produce outflow
tract obstruction in those cases with a deviated outlet
septum unless the outlet septum was resected at the
time of operation? These answers cannot be provided
by a study of necropsy material such as ours. It is
therefore significant that cross-sectional echocar-
diographic examination of patients with this combina-
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tion has shown exactly the same types of ventricular
septal defect as identified in this study. I I It will be of
interest to see if these observations prove to be of
therapeutic significance.
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